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Abstract | The evolutionary origin of fungi is important in determining the 
phylogenetic relationships between fungi, animals and plants. However, 
determining the true relationship of fungi has been somewhat difficult owing to 
their simple morphology and presence of convergent characters. With the 
advent of newer molecular techniques, analysis of conserved protein sequences, 
cytochrome systems, mitochondrial and nuclear genetic material and rRNAs are 
being employed in elucidating   phylogenetic kinships among the eukaryotes. 
These emerging evidences suggest that the derivation of the fungi from plants or 
algae would require more evolutionary changes than its derivation from 
protozoa, the unicellular ancestor of the animals. To gain an overview of the 
current state of the science, we have extensively reviewed the existing 
literatures and it appeared to us that fungi are more closely related to animals 
than to plants. 
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In the year of 1588, 
Giambattista della Porta, 
an Italian versatile 
scientist, suggested in his 
book Phytognomonica 
that, “fungi, since they do 
not arise from seed, are 
children of the God”1. 
Although for 21st century, 
the statement possesses 
less scientific value but 
the underlying facts of the 
statement remain 
somewhat unchanged 
even today. Even today 
the origin & evolutionary 
relationships of fungi 
remains a matter of 
speculation and problem 
of future research for 
mycologists. 
The evolutionary 
origin of fungi is 
important in determining 
the phylogenetic 
relationships between 
fungi, animals and plants. 
It has generally been 
observed that both in 
cases of plants and 
animals evolution have 
led to the generation of 
complex structures from 
the simpler ones. This 
view of progressive 
evolution prompts us to 
look for simple primitive 
organisms which might 
have been the probable 
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ancestor or the basal 
group from which other 
organisms have evolved 
subsequently. At the same 
time retrogression from 
complex to simpler 
structures might also have 
taken place in the course 
of evolution. 
Initially it was 
believed that 
photosynthetic organisms 
were the first to evolve on 
earth since all other 
heterotrophs depend on 
them for food. This view 
of ‘Algal Origin’ of fungi 
is mainly based on their 
morphological similarity 
and simplicity and 
assumes that the fungi 
evolved from algae by 
gradual loss of 
chlorophyll2. According 
to this view, the 
Chytridiales have evolved 
from unicellular algae, the 
Saprolegniales from the 
Siphonales, the 
Zygomycetes from the 
Conjugales and the higher 
fungi from the red algae3-
6. The second school of 
thought suggests the 
derivation of fungi from 
non-chlorophyllous 
unicellular forms7-8. It 
was Gobi (1884) who first 
proposed that fungi were 
derived independently 
from the Protozoa9. This 
view was subsequently 
supported by many 
workers10-13. The key 
evidences in support of a 
fungi-animalia clade 
includes analysis of 
protein sequences of 
biosynthetic pathways, 
cytochrome systems, 
mitochondrial and nuclear 
genetic material, rRNA, 
biochemical and 
structural cellular 
features, glycoproteins, 
mode of nutrition and 
storage of nutritive 
materials. These existing 
evidences suggests that 
the derivation of the fungi 
from plants or algae 
would require more 
evolutionary changes than 
its derivation from 
protozoa, the unicellular 
ancestor of the animals14. 
There are striking 
evidences in support of 
this fungi-animalia clade 
based primarily on the 
biochemical analyses. 
 
On the basis of cell wall 
component  
The most important 
components of fungal cell 
wall are polysaccharides, 
among which chitin is the 
predominant one. The 
fungal chitin is composed 
of an unbranched polymer 
of β-1, 4 linked N-
acetylglucosamine units, 
which is distinct from 
higher plants. The chitin 
present in fungal cell wall 
is primarily of the α-form 
while the β-form is 
generally absent. The α-
chitin is also abundantly 
present in animals15. 
Among animals, chitin is 
the principle component 
of the hard exoskeletons 
of nearly a million species 
of arthropods, both 
insects and arachnids, and 
is probably the second 
most abundant 
polysaccharide, next only 
to cellulose. The most 
striking similarity 
between the plant and 
fungal cell walls is the 
presence of cellulose. 
However, fungal cellulose 
is somewhat different 
from that found in plant 
cell walls. In fact, fungal 
cellulose is less 
crystalline than plant 
cellulose, as evident from 
X-ray diffraction 
images15. 
 
On the basis of 
polysaccharide 
microfibrils 
 It is well known that the 
polysaccharide chains of 
cell wall are grouped 
together to form micelles. 
These micelles are again 
grouped to form 
microfibrils which 
together form a network 
while the matrix is 
formed by pectin-like 
substances. In fungi, the 
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polysaccharide 
microfibrils are randomly 
oriented. In contrast, 
plants and algae possess 
microfibrils that are laid 
down in parallel arrays15. 
When fungal 
polysaccharides were 
treated with alkalis 
containing nitrogen, 
degradation occurred 
along with the production 
of acetic acid. The results 
differ when same reaction 
is carried out with plant 
polysaccharides15. 
Two types of bonding 
patterns are evident in the 
fungal glycoproteins: 
oligosaccharides are 
joined to serine or 
threonine residues 
through an O-glycosidic 
linkage and sugar present 
at the reducing end of the 
oligosaccharide moiety is 
joined to an asparagines 
residue through an N-
linkage15. This pattern is 
similar to those of 
glycoproteins of animal 
origin. 
 
On the basis of mode of 
nutrition 
The process of 
photosynthesis is very 
common and important in 
plant life as it serves as 
their source for food. Just 
like animals, fungi lack 
chloroplasts. Thus, the 
photosynthesizing 
machinery is absent in 
them. Therefore, their 
mode of nutrition 
involves the following 
sequence: photosynthesis 
in plants, ingestion in 
animals and absorption in 
fungi. 
 
On the basis of reserve 
food 
Many eukaryotic 
organisms, including 
fungi, accumulate lipids 
as carbon reserve16. One 
of the major storage 
products of fungi, 
bacteria, protozoa and 
higher animals is 
glycogen. On the other 
hand, plants 
predominantly store 
starch15. Both glycogen 
and starch are polymers 
of glucose residues. 
However, the main 
structural difference 
between these two storage 
compounds is that, 
glycogen is more compact 
and more extensively 
branched (branches occur 
every 8 to 12 residues) in 
comparison to starch. 
Also, starch is composed 
of two types of glucose 
polymers: amylose and 
amylopectin and glycogen 
are just like amylopectin. 
 
On the basis of 
mitochondrial cristae 
and plastids 
Fungi share many 
common morphological 
and structural cellular 
features with animals. 
Non-discoidal plate-like 
mitochondrial cristae are 
present in both fungi and 
animals, while plants 
have mostly tubular 
mitochondrial cristae. 
This finding explains the 
origin of other crystal 
types as the consequence 
of co-evolution of the 
plastid and mitochondrial 
trans-envelope protein 
systems. 
In both fungi and 
animals, plastids are 
absent, while plants 
possess plastids with two 
envelopes, usually 
containing starch17. This 
also supports the 
hypothesis of a closer 
resemblance between 
fungi and animals. 
 
On the basis of 
cytochrome system 
In a study made by 
Boulter and Derbyshire 
(1957), the visible 
absorption of 
cytochromes of fungi was 
compared to the spectra 
obtained from yeasts and 
animals18. This intensive 
spectroscopic analysis 
revealed that 45 fungal 
species studied, 
representing all major 
classes, possessed a 
cytochrome structure 
similar to that of 
mammalian and avian 
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cells. In contrast, the 
structure differed from 
the structure of the plant 
cytochromes (FIG.1). 
The b-type and c-type 
cytochromes present in 
fungi are also found in 
metazoan but is 
apparently absent in 
plants. Thus, it can be 
concluded that these 
features may be a 
biochemical parameter for 
phylogenetic affinities 
between fungi and 
animals. 
 
 
Figure 1 | Structure of cytochrome C (monodomain): (A) Saccharomyces cerevisiae; (B) 
Arabidopsis thaliana; (C) Equus caballus  (http//:pdbe.org). 
 
On the basis of origin of 
sterols 
Like mammals, fungal 
sterols are generally 
derived from lanostane. In 
fact, their biosynthetic 
pathways are also 
somewhat similar, where 
sterols arise from 
lanosterol by the loss of 
their methyl groups, two 
on the C-14 along with 
other structural 
alterations19. In contrast, 
in plants and algae, 
sterols are 
biosynthetically derived 
from a cycloartane 
derivative, cycloartenol, 
involving loss of the 
equivalent three methyl 
groups and the opening of 
the 9 β, 19-cyclopropane 
ring19. 
 A recent study has 
shown that sterols are 
synthesized from the 
common precursor 
squalene. A key step in 
the biosynthetic pathway 
involves a P450 enzyme 
(CYP51) which uses 
lanosterol in Animals, 
Fungi, and Stramenopiles, 
and obtusifoliol in green 
plants as substrates20. 
 
On the basis of 
biosynthesis of 
polyunsaturated fatty 
acids 
 Fungi show considerable 
similarities to animals in 
the biosynthesis of 
polyunsaturated fatty 
acids. Two distinct 
pathways are recognized 
in this respect: one for the 
production of α-linolenic 
acid, and the other for the 
γ-linolenic acid and 
arachidonic acid (FIG. 2). 
Lejohn (1974) observed 
that of these two forms, 
the α-linolenic acid is 
predominantly 
synthesized by higher 
plants but is absent in 
protozoa and metazoa. 
On the contrary, γ-
linolenic acid appears to 
be abundantly 
synthesized by animals21. 
Shaw (1965) and Lejohn 
(1974) have 
independently shown that 
out of 31 species of fungi 
(7 orders of the 
Ascomycota, 5 orders of 
the Basidiomycota and 
others), all produce γ-
linolenic acid, and not the 
α-linolenic acid21-22. 
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Figure 2 | Routes of synthesis of polyunsaturated fatty acids. Palmitate is the precursor of stearate 
and longer-chain saturated fatty acids, as well as the monounsaturated acids, palmitoleate and oleate. 
Mammals & fungi cannot convert oleate into linolenate, which are therefore required in the diet as 
essential fatty acids. Conversion of linoleate into other polyunsaturated fatty acids and eicosanoids is 
outlined here.  
 
On the basis of 
biosynthesis of L-lysine 
The distribution of two 
distinct pathways leading 
to the biosynthesis of L-
lysine has also been cited 
as evidence in favour of 
fungi-animalia clade. The 
diaminopimelic acid 
(DAP) route is the most 
common among both 
monocotyledonous and 
dicotyledonous plants. On 
the other hand, the 
second, aminoadipic acid 
(AAA) route, is confined 
to the fungi23. On this 
basis, it has been 
suggested that fungi are 
distinct from plants. 
Although the complete 
AAA route is confined to 
fungi, elements of the 
AAA pathway of lysine 
degradation are found in 
animals as well21. It can 
be assumed that the AAA 
lysine pathway has 
originated as a result of 
the loss of DAP during 
the conversion of the 
peptidoglycan wall into 
an animal-like chitinous 
exoskeleton24. 
 
On the basis of sequence 
analysis of proteins 
Baldauf and Palmer 
studied the phylogenetic 
relationships between 
plants, animals and fungi 
on the basis of the 
sequences of 25 
proteins25. They showed 
that 4 insertions / 
deletions are uniquely 
shared by animals and 
fungi, relative to plants, 
protests and bacteria. 
These insertion / deletions 
were located in the genes 
encoding 4 conserved 
proteins namely actin, α-
tubulin, β-tubulin and 
elongation factor 1α and 
the result place fungi and 
animals together as a 
monophyletic group and 
excludes plants and a 
broad diversity of protists 
from them25. This view is 
also supported by the 
observation that proteins 
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like β-tubulin and 
calmodulin are all 
conserved across the 
fungal and animal 
kingdom and even in their 
human counterparts26. 
The phylogenetic tree of 
diverse eukaryotes based 
on β-tubulin using 
maximum likelihood 
method also suggests that 
fungi including the 
primitive microsporidia 
are more closely related 
to animals27. 
 
On the basis of heat 
shock proteins 
The heat shock protein 70 
(Hsp 70) are ubiquitous in 
their presence and the 
sequences show a high 
degree of conservation. 
Sequencing and analysis 
of the entire nucleic acid 
sequence of cytoplasmic 
Hsp 70 from 8 
diploblastic species 
supports the monophyly 
of diploblastic animals as 
well as a close 
phylogenetic relationship 
between animals and 
fungi28. While  studying 
the phylogenetic 
relationship and the 
branching order between 
animals, plants, and fungi, 
they aligned the 
sequences of  some 
‘‘lower’’ metazoan taxa 
with existing Hsp70 
orthologous sequences 
from a range of higher 
plants and fungi and 
several sequences of 
triploblastic animals that 
were extracted from 
GenBank. They 
constructed phylogenetic 
trees using bootstrap and 
parsimony methods and 
both the methods revealed 
similar branching orders. 
The high bootstrap score 
(91%) of the branch point 
leading to the animals-
fungi clade indicated that 
the affinities between 
these groups are robust 
and significant. The 
parsimony tree also 
supported an animal-fungi 
clade. However, the 
support for this was not 
statistically robust (80%). 
Simpson et al (2006) used 
maximum likelihood 
method to construct a 
phylogenetic tree based 
on gene sequences of Hsp 
70, Hsp 90 and four other 
slowly evolving genes. 
This study also suggests a 
closer relation of fungi 
with animals than with 
plants29. 
 
On the basis of 
translation elongation 
factor 3 
The soluble translation 
elongation factor 3 (EF-3) 
appears to be uniquely 
present in the fungi and 
exhibits ribosome 
dependent ATPase and 
CTPase activities that are 
not intrinsic to the fungal 
ribosome but are essential 
for translation elongation 
in vivo. This EF-3 has 
been identified in a wide 
range of fungal species26, 
30. It has been found that 
fungal EF-3 “displays 
amino acid similarity to 
myosin proteins of 
animals whose cellular 
function is to provide the 
motile force of muscle,” 
and which work there 
mainly with actin26. Also, 
EF-3 “have at least ten 
regions of detectable 
amino acid sequence 
similar to the mammalian 
myosin heavy-chain 
protein (MyHC)”26. 
However, these regions 
are not responsible for a 
defined myosin activity 
and only “occur in 
equivalent positions in 
mammalian and yeast 
myosin proteins”. These 
findings also support the 
hypothesis that the 
members of 
Dictyosteliomycetes, the 
cellular slime molds, are 
more closely related to 
the Animalia-Fungi clade 
and are distantly related 
to Plantae31. 
 
On the basis of UGA 
codes 
In 1987, Cavalier-Smith17 
suggested that fungal 
mitochondrial codon 
UGA codes for 
tryptophan and is not a 
chain terminator. This 
dissimilarity with plants 
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was also supported by 
Lang (1984) 32. According 
to Scazzacchio (1987), all 
animal mitochondrial 
UGA are also read as 
tryptophan33. These 
reports prompt that fungi 
are closer to animals than 
to plants, at least on the 
basis of UGA codes. 
However, Inagaki et al 
(1998) suggested that the 
ancestral mitochondrion 
was bearing the universal 
genetic code and 
subsequently reassigned 
the codon to Tryptophan 
independently, at least in 
fungi and few other 
lineages . As such the 
organisms with the 
modified UGA code 
cannot be considered 
monophyletic. 
34
 
A Phylogenetic 
consideration 
 
The existing controversies 
over the phylogenetic 
relationships of fungi 
encouraged several 
molecular phylogenics to 
further investigate the 
various aspects of 
evolution and to find 
more convincing kinships 
of the fungi. 
The early 
diversification of the 
eukaryotes is one of the 
major events in course of 
evolution. The ‘Crown-
stem’ model of eukaryotic 
phylogenys was proposed 
in the early 1990s based 
on the study of small 
subunit rRNA 
sequences35-37. According 
to this model, the plants, 
animals and fungi form a 
‘crown group’ in the 
eukaryotic tree and that 
they separated from each 
other more recently than 
some early branching 
protists. According to the 
‘Crown-stem’ model it 
was estimated that the 
origin of eukaryotes 
occurred at approximately 
2,700 million years ago 
and that the plants and 
animals/fungi separated 
approximately 1,600 
million years ago. 
A more recent 
phylogenetic study 
revealed that the 
eukaryotes can be 
classified into 6 
supergroups, namely, 
Archaeplastida which 
includes plants and green 
algae, Opisthokonta 
which includes animals 
and fungi, and 4 other 
supergroups: Excavata, 
Rhizaria, Chromalveolata 
and Amoebozoa38 (Adl et 
al, 2005). This view is 
based mainly on the 
molecular and 
morphological-cell 
biological evidences. 
Further studies suggest 
that the number of 
supergroups might be 
more than 6 and would 
have diverged during the 
early phase of eukaryotic 
evolution that is 
sometimes described as 
‘Big Bang’ event39. In 
fact, the split between the 
Archaeplastida and 
Opisthokonta is among 
the earliest known 
eukaryotic divergences, 
before the divergence of 
other protist groups from 
either of them. Thus this 
model predicts that the 
separation of plants from 
animal/fungi would be 
much more ancient than 
what was suggested by 
the ‘Crown-stem’ model. 
Apart from their 
kinships with other 
groups of organisms, the 
evolutionary relationships 
among different groups of 
fungi are also somewhat 
controversial. 
Traditionally it was 
believed that fungi with 
flagellated cells 
(Chytridiomycota) are the 
sister group to the 
remaining phyla of non-
flagellated fungi 
(Zygomycota, 
Glomeromycota, 
Ascomycota and 
Basidiomycota) which 
indicates that a single loss 
of flagellum was 
coincident with a 
migration to land. 
However, James et al 
(2006) estimated the 
phylogeny of fungi using 
data from 6 gene regions: 
18S rRNA, 28S rRNA, 
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5.8S rRNA, EF-1α and 
two RNA polymerase II 
subunits (RPB1 and 
RPB2)40. The results 
supported monophyly of 
Ascomycota, 
Basidiomycota and 
Glomeromycota (FIG.  3). 
The Ascomycota and 
Basidiomycota formed a 
clade ‘dikarya’. The 
analysis also supported a 
clade uniting ‘dikarya’ 
and Glomeromycota as 
suggested by earlier 
studies with 18S rRNA. It 
also supported the 
Opisthokont clade which 
includes fungi, metazoa 
and choanoflagellida. It 
further suggests that 
Chytridiomycota is not 
monophyletic consisting 
of early diverging 
lineages that have 
retained the zoospore40. 
 
Figure 3 | Phylogenetic tree depicting the relationships of different groups of eukaryotes: 
Here the eukaryotes have been classified into six different groups which support the ‘Six 
Super group classification’ of eukaryotic phylogeny. Each colour represents one group. The 
Fungi has been placed closer to the animals compared to plants. Inset: The main branches of 
kingdom fungi. The Ascomycota and Basidiomycota are united as the dikarya. Their closest 
relatives seem to be the Glomeromycota that was previously included in the Zygomycota. 
Neither the Zygomycota nor the Chytridiomycota are monophyletic groups; instead they 
seem to be 'paraphyletic grades'. The microsporidia and Rozella branches seem to be basal to 
the all other fungi. 
 
 
Conclusion 
“Simple plants without 
chlorophyll”—is the 
statement appropriate for 
fungi? In the past decades 
biologist included them 
within the plant kingdom 
because of the presence of 
cell wall and production 
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of spores. This 
classification has been 
changed in recent years, 
and according to many 
molecular phylogenics, 
they are the “sister group” 
of multicellular animals. 
Though they are still 
placed in plant kingdom, 
ample of recent 
researches regarding cell 
wall components, some 
specific amino acids and 
proteins, mitochondrial 
anatomy, cytochrome 
system, mode of nutrition, 
biochemical pathways 
and sequences of several 
proteins find much more 
similarities between fungi 
and animals than plants 
(FIG.  4). However, in 
spite of the large number 
of evidences supporting 
the close relationship of 
fungi with the animals, 
few evidences have also 
been cited against this 
fungi-animalia clade of 
which the most important 
one is based on the work 
of Gouy. Gouy (1989) 
used transformed distance 
method and maximum 
parsimony method to 
compare the sequences of 
several kinds of 
macromolecules in 
organisms belonging to 
the 3 kingdoms: plants, 
animals and fungi. The 
analysis was based on the 
large subunit and small 
subunit rRNAs, 10 
isoacceptor tRNA 
families and 6 highly 
conserved proteins41. The 
results suggest that plants 
and animals are sibling 
kingdoms that have 
diverged more recently 
than the fungi. 
Thus, extensive 
literature survey revealed 
that several different 
phylogenetic trees of 
Animalia, Plantae, and 
Fungi exist, differing in 
their views. But in the 
majority of cases, Fungi 
have been placed closer to 
Animalia than to Plantae 
(FIG.  3). In other words, 
animals have a more 
recent common ancestor 
with fungi than with 
plants. 
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